REMARKS: 


The purpose of this amendment is merely to supply a 
clarified version of the claims in the case. In this 
connection, it is noted that in the Office Action of 
September 17, 1982, reference was not made to the 
preliminary amendment which was submitted in this case with 
the filing papers, 



-■"'"'It is hereby requested that that amendment which is 
superfluous not be entered. 


Also, ^€h~ere— is—encJ-O-sed^he-rewirth— a copyof each of (1) 
J, Cereb. Blood Flow Metabol., _2, No. 2, page 268 , 1982; (2) 
Acta Neurologica Scandinavica , 65 , Suppl. 90, pp77-78, 1982; 
(3) Acta Neurochirurgica , 63, 297-302 and 283~2iL£X, 1982; 
and CBF Bulletin 3/1982, pages 47-51. These references 
describe the advantageous effects (including clinical data) 
of Nimodipine, the compound used according to the present 
invention. 


Respectfully submitted , 


SPRUNG HORN KRAMER & WOODS 


6 00 Third Avenue 
New York, N.Y. 10016 
(212) 661-0520 
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Calcium antagonism: 

A new therapeutic principle in stroke and cerebral vasospasm? 

M. K. Claab, A. Brawanski, J. Bockhorn, I. ! Liubils., C'h. \\ KinJe and V. A. Maximilian 

Neurosurgical Clinic, Institute of Nuclear Medicine ami computer center. University of Wur/buri*, F U G. 


In cardiovascular diseases, „calcium antagonism" 
using Verapamil or more recently Nifedipine plays 
an increasingly accepted role in therapy (Sb) . 
Experimental investigations have shown aCa M 
antagonistic vasoactivily also in the cerebral 
arteries 0 *' 21 ' 22 * and the cerebral vascular smooth 
muscle seems to be still more sensitive to drugs 
blocking theCa* + influx 121221 . Especially a I.4-dihy- 
dropyridine named Nimodipine, a derivative of 
Nifedipine (Fig. 1) developped by Bayer AC, 
revealed a predilective cerebrovascular action in 
animal experiments. Here, it could inhibit the 
vascular spasm following experimental SAH° * Jm 
as well as the postishemic impaired reperfusion 
and its sequelae in different models of cerebral 
ischcmia t,, ■ l -- ^ ^ These effects of Nimodipine are 
attributed to the inhibition of the spasmogenic 
calcium influx following potassium depolarization 
of the vascular smooth muscle' 12 - 22 \ This mechanism 
may also be of great importance in clinical cerebro- 
vascular disease. The main purpose of this study 
was to assess the acute effects of Nimodipine on the 
cerebral blood flow (CBF) and related parameters. 

Patients and Methods 

The measurements were performed in 44 patients 
who had been admitted to the CBF laboratory for 
a clinical investigation of the regional cerebral blood 
flow (rCBF) pattern possibly altered by cerebrovas- 
cular pathology. In twelve patients (aged 26-64 y) 
with TIA, PRIND or minor arteriosclerotic stroke, a 
double rCBF study was performed within 60 minutes 
without any drug administration in order to investi- 
gate the reproducibility of the individual rCBF 
pattern (test-retest-procedure). The remaining 
32 patients received 40, 60 or SO mg of Nimodipine 
as an oral bolus dose immediately after the first 
rCBF investigation and, after 60 minutes, a second 
rCBF study was performed. This interval of one 
hour is suggested by pharmacological data which 
show a maximum plasma level of Nimodipine at 
this time. Twenty-five of these patients suffered 
from a TIA, PRIND or a minor arteriosclerotically 
based stroke following a history of hypertension 
and the investigation was performed in the acute 
phase (within less than three weeks following the 


attack). In seven patients, an acute SAH had been 
observed within 8 days before the study; in all 
patients, an increasing psychosyndrome and/or 
neurological deficits without focal intracranial 
bleeding suggested a cerebral vasospasm, which 
indeed has been proven in 5 of the 7 patients by a 
previously performed angiography* 4 *. The rCBF was 
measured with a standard 32 detector Cerebrograph 
(Novo Diagnostic Systems, Hadsund) using the Xe- 
inhalation technujue (the Fourier analysis method' 17 *) 
on patients in supine position who had at least 15 
minutes bedrest in a darkened and sound-attenuated 
laboratory. Using own programs' 14 ' we were able to 
group the 32 detectors according to anatomical- 
topographic landmarks into six cortical areas of 
interest over each hemisphere. These regions were 
compared before and after therapy. Furthermore, in 
each patient separate detectors were chosen using a 
criterion of an at least 10V; deviation above or below 
the individual mean hemispheric ISI level in order 
to control for possible interregional „steal" effects. 
We could thus monitor whether any fluctuations 
were evident in high-vs. low perfusion areas during 
drug therapy. The arterial blood pressure and the 
bloiKi gases were measured during the first and 
second investigation and 30 minutes after drug 
administration. The statistical evaluation of the data 
was done with a TR 440 computer using own 
programs; ISI values were corrected to a standard- 
pC0 2 of 40 mm I Ig (4V, per mm I Ig)° M \ 
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Fig. I: Structurjl tormulj of „Nimodipin" (BAY e 9736, BAYER 
AG) 

Results 

Test-retest-procedure without drug therapy 

In these 12 patients not only the mean hemispheric 
ISI was nearly identical during first and second 
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vesligalion, but also the regional value ol llic- 
*»ing!c detectors was highly repriHlucihle. Tlihicaii 
be clearly shown in Figure - : There is no difference 
between the mean ISI and Ihe values or" the 
detectors with low perfusion 10% below mean 
lliiw) ami the CNF over tiij^Ii perfusion areas 10% 
jNivc mean CI3F) remained stable as well. Wood 
pressure and arterial pCO* remained also stable 
during the second measurement (Fig. 2b). Our 
investigation technique gives consequently a good 
test-retest-correspondence within the interval of 
1 hour and allows a reliable demonstration of acute 
drug effects. 
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Fig_ 2j and b: Te=»l-rvlest-variabilitv: 

The mean ISI, the* CLJK in li»w (IUVr below moan ISI) and in hi^h 
(10"-; above mean ISI) flow areas, the art. pCO* and the bkxxJ 
pressure were almost identical in the first and second investigation 
(no therapy, interval I hour; n — 12) 

Overall effects of Nimodipine 

Regarding only the mean hemispheric ISI (Fig. 3a) 
we found in the group of 32 patients a statistically 
significant flow increase (Wilcoxon's Rank Test) of 
about 8%. No difference was found between actual 
and pCO^-corrected values; the arterial pC0 2 -tension 
was not significantly altered by Nimodipine (Fig. 
3b), The blood pressure, however, was markedly 
decreased, the fall in systolic pressure.being more 
pronounced, and reaching its lowest value 30 
minutes after administration of the drug (Fig. 3b). 
As the mean ISI increase is relatively small, a 
pathopsychology! differentiation of the'diagnoses 
was attempted. 
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Fig- 3j jnt * t* : Overall effects of Nimodipine in patients with stroke 
and vasospasm. The mean ISI increases about 8%, the art. blood 
pressure r>hows a slight drop, predominantly of the systolic value, 
with a maximum at 30 min after Nimodipine administration; non- 
significant pCO ; changes. 
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Nimodipine therapy in cerebral vasospasm 

In the 7 patients with diffuse cerebral vasospasm 
following SAI I, (which was also documented by 
angiography 14 '), the reaction of Nimodipine was 
clearly better than in patients with arteriosclerotic 
stroke (Fig. 4a). In the spastic vessel, we achieved a 
mean CBF increase of about 14%, although the 
dosage of orally given Nimodipine was equal in 
both groups. The bloixi pressure-reaction was also 
different: In the patients with subarachnoid 
hemorrhage, the initial arterial pressure was only 
moderately elevated, arid these values were not 
significantly altered by Nimodipine (Fig. 4b). The 
arterial pC0 2 also remained unchanged as in the 
no-therapy control group (Fig. 4b/Fig. 2b). 
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Fij;. 4a and b: Different effect of Nimodipine in vasospasm 
following SAf I and in ischemic stroke on hypertonic base: In 
vasospasm, the CBF increase is clearly higher (a); the blood 
pressure values are only significantly lowered in stroke patients, 
whose initial art. pre=»>ure=» are markedly higher. 


Effect of Nimodipine in arteriosclerotic stroke 

The group of 25 with ischemic stroke cases was 
strictly limited to patients suffering from idiopathic 
arterial hypertension which was considered as the 
main pathophysiological factor causing the TIA, 
PRIND or minor completed stroke in these indivi- 
duals. In these relatively uniform stroke diseases, 
we found a significant mean hemispheric ISI 
increase of 6% (p<.05, Fig. 4a). In these patients 
too, the arterial pC0 2 was not significantly affected 
(Fig. 4b). However, the reaction of the blood 
pressure was different: The patients with stroke had 
a significantly higher initial arterial blood pressure 
than the patients with vasospasm according to the 
different pathophysiology (Fig. 4b), and this 
elevated blood pressure is markedly lowered by 
Nimodipine. It was a general finding that the higher 
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I he arterial pressure, I he bigger (he tall. I lowevtrr, 
we have never seen «i dangerous hypotension 
following oral administration of Ninu>dipine, thr* 
p ress nre always remaining a In »vc 1 ! 5/70 i u i n I 
The decrease in arterial pressure had its maximum 
30 minutes after the drug's ingestion (Mg. 4b). 

Comparing the different dosage given to our stn&e 
patients (Fig. 5), the small differences between 4UL 
60 or 80 nig p. o. are not significant. It must be 
mentioned here that the initial CBF before therapy 
was by chance higher in the patients receiving a 
la rge r Nim od t p i ne d osa ge . 
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Fig. 5: lilfecl ut dttfcivnl Nimodipinc dn>agf in >lroL*e pain-til*. 
The effects of a single dose of 40. Ml or SI) mg Xiinodipine gKc-si 
orally 1 h before 2"** investigation are not significant!*- diiterciEd- 
Nolo the small number of patients in SO mg-group with |bv 
iluna') higher initial mean ISI. 


Differentiation of the effects on regional perfusion 
changes 

When a drug increases the CBF, the question arises 
as to whether this effect is limited to regions with 
normal vascular reactivity, or Is it possiblv achieved 
at the expense of blood supply to already impaired 
areas. The occurrence of such an unfavorable steal 
effect would clearly speak against the clinical use of 
such a drug. If we compare however the reaction of 
the unequally perfused hemispheres"(Fig. 6a), no 
indication for a „steal effect" can be seen. On the 
contrary, the less perfused hemisphere shows a 
higher increase of CBF than the better perfused sade 
in stroke as well as in vasospasm. 

Further evidence of the absence of a steal phenome- 
non is obtained by comparing the reaction of the 
cerebral regions, which have at least a ten percent 
lower perfusion than the corresponding mean 
hemispheric value, than those with a perfusion of 
ten percent or more above the mean hemispheric 
value (Fig. 6b). Here, the effect of Nimudipine in 
the low flow areas is again significantly better than 
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Fig. fca-c: Differentiation or regional effects of Nimodipine on CBF. 
Comparing me less-better perfused hemispheres (a), the CBF in 
U»\v and high flow areas (b) and the flows in the 4 worst/best 
regit ms ot the patient* (c). the ISI is always higher in the lower 
perlti>ed areas. This predominant effect in reduced perfusion 
is more pronounced in stroke whereas in vasospasm the ISI 
increase is more generalized, with the exception of the hemi- 
spherical difference (a). 

in the high flow regions and this difference was 
more pronounced in the stroke patients. The same 
holds true when the four worst perfused regions of 
the cerebral hemispheres are compared with the 
four best perfused areas (Fig. 6c). 

The best evidence for the absence of an adverse 
„steal effect" is given by a ranked evaluation (Fig. 7). 
Here, the regions are ordered in sequence from 
worst to best perfusion during first rCBF investiga- 
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an: TheTeaction of these ranked regf^s to 
imodipine therapy is then calculatecfflnd plotted, 
and the mean increase of CBF in these regions can 
be seen as the difference between the two lines. The 
increase in flow following Nimodipine is markedly 
higher in the worst perfused areas; here, the 
improvement may exceed 20%, whereas regions 
which initially were always well perfused do not 
further react. The preference of Nimodipine activity 
for low perfused areas can only be demonstrated in 
stroke patients; in vasospasm, there is an overall 
and relatively uniform rise of CBF in all regions 
(Fig. 7b). 
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Fig. 7a and b: Ranked evaluation of Nimodipine effects on 
regional perfusion differences: When ordered from worst to best 
regions, rhe less perfused areas show a higher increase in CBF 
following Nimodipine (a). This predominance is more pronounced 
in stroke patients, whereas in vasospasm, a more generalized CBF 
increase is seen (b). 

Discussion 

a. 

Nimodipine is a vasoactive substance, whose 
vasodilatatory effect is attributed to a selective 
inhibition of the Ca h+ -influx into the K f depolarized 
vascular smooth muscle' l2 ' n ' 22) . This inhibition of 
Ca**-influx uncouples the mechanical reaction of 
the smooth muscle from the electrical depolarization 
without interference with adrenergic or cholinergic 
membrane receptors. 

This principle of „calcium antagonism" is now 
increasingly used in cardiovascular diseases 
therapy (Vo . I lerc, the calcium antagonists Nifedipi- 


ne, from which Nimod^ne is derived, and the 
somewhat different vSPpamil are in concurrence 
with /J-Mocktng agents as „therapy of first choice" 
in coronary-artery insuffiency (5AI0 \ Especially 
remarkable is the immediate activity of Nifedipine 
in coronary spasm* 1 *- 1 ' 0 . Compared to Nifedipine, 
Nimodipine more selectively dilates the cerebral 
vessels. In isolated arteries, experimental contrac- 
tions of the basilar artery caused by serotonin, 
phenyleferin and other agonists were very effectively 
inhibited by Nimodipine, whereas this action was 
missed in the A. saphena <2,,22) . Using intraarterial or 
intravenous infusion, the CBF in dog, monkey, cat 
and rat was very effectively increased (up to more 
than 7Q*5* i2l T1} ), whereas only n slight increase in 
heart rate, and a small decrease in arterial pressure 
was recorded. The pCO> did not change. This led to 
our investigation of Nimodipine effects in clinical 
cerebrovascular diseases. Nimodipine reportedly 
did not show adverse side effects in long-time oral 
administration and it was only given orally in this 
first investigation. Our group did not observe any 
negative effects in the present 32 patients following 
Nimodipine ingestion either. 

Our results show a significant overall increase in the 
CBF following Nimodipine but this effect with $% 
flow augmentation is relatively small. Kohlmeyer 
requests a moan CBF increase of at least 7% under 
the condition of a stable pC0 2 (M) for a clinical 
significance of CBF changes within a short interval. 
On the other hand, most investigations with 
repeated rCBF measurements using the Xe-clea ranee 
method showed a tendency of lower values during 
the second study (HJSJf,) . Besides technical reasons, 
this obtained lower value during the second 
measurement is attributed to the lower anxiety and 
stress of the patient. As our ^control values" in 
patients with a test-retest-procedure (no-therapy) 
are almost identical with even smaller variations 
than mostly reported in the literature, we attribute 
the changes in global and regional CBF to a true 
effect of Nimodipine. 

In arteriosclcrotically based stroke, this small but 
significant improvement in CBF confirms the results 
of the animal experiments mentioned above. The 
minor increase found in our patients may be 
explained by the oral administration of the drug 
which is only partially absorbed and by the rigidity 
of the arteriosclerotic vessel. With most other vaso- 
dilators, an effect on the arteriosclerotic cerebral 
vessel was missed iS,) , or an increase in CBF was 
restricted to normal areas often at the expense of 
the regions with already reduced perfusion. The 
absence of such an unfavorable steal effect and even 
the predominance of Nimodipine activity in low-flow 
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as was the most exciting finding of our study, 
is favorable effect in the disturbed regions may be 
attributed to an antispastic effect and an additional 
vasospasm in the injured brain tissue in stroke as 
well as in head trauma is under discuss ion* 2 - 7 *. In 
the damaged brain tissue the vascular smooth 
muscle should be K ^-depolarized to some degree 
due to the hypoxia, as the maintenance of the pola- 
risation of the vascular muscle is energy consuming. 
The Nimodipine antagonism to the calcium influx 
into the depolarized muscle could then explain the 
predominant CBF increase in the tissue with 
impaired perfusion. This is not only in accordance 
with animal experiments 11 * 20 - 21 ' 221 , but was also 
confirmed by our results in the second group of pa- 
tients. 

In vasospasm, the effect of Nimodipine is much 
better than in patients with a rteriosclerotic cerebro- 
vascular disease. This did not surprise us, as the 
spastic vessel without irreversible anatomical 
changes can certainly dilate much more than the 
vascular wall with sclerotic transformations. The 
advantage of Nimodipine is the independence of its 
action from the pathophysiology of the spasm, as it 
directly impedes the electro-mechanical coupling in 
the smooth muscle. However, this mere calcium 
antagonism suggests the possibility of a ^rebound 
effect": as the depolarization of the cell is not 
prevented, a fall in Nimodipine concentration may 
immediately lead to a calcium influx with spastic 
contraction. 

The present results certainly stimulate further 
investigations on Nimodipine in cerebrovascular 
diseases. Besides the long-time effects of Nimodipi- 
ne on CBF and other technical values given by 
different application modes, the reaction of the 
clinical symptoms and the clinical course of the 
disease should be investigated. Here, the often 
rapid improvement of neurological deficiencies in 
our patients with vasospasm is an encouraging 
sign. 

Summary 

Using Xe inhalation technique, the effect of the new 
calcium antagonist Nimodipine {Bayer) on regional 
and global CBF in 32 patients with cerebrovascular 
diseases was investgated. Following single oral 
application of 40 to 80 mg Nimodipine, the CBF 
retested after one hour showed a global increase of 
about 8%. As we found almost identical flow values 
in a preceding test-retest-evaluation of our Xe 
method in 12 patients with no therapy, this small 
but significant increase is attributed to a true 
cerebrovascular activity of Nimodipine. In stroke on 
arteriosclerotic base (25 patients), a mean CBF 


increase of about 6% i^Wen after administration of 
Nimodipine and the regional analysis showed no 
steal effect. On the contrary, Nimodipine especially 
improves the rCBF in the low flow areas. Here, the 
rCBF increase reaches 20% in a ranked evaluation. 
The blood pressure is thereby moderately lowered, 
the arterial pCO z remains unchanged. In cerebral 
vasospasm following SAH (7 patients), Nimodipine 
more markedly increased the CBF (about 14% hemi- 
spheric mean increase). According to the diffuse 
vascular spasm, the regional analysis reveals a more 
generalized rise in rCBF compared to sclerotic stroke. 
These positive effects of Nimodipine on CBF in 
stroke and vasospasm without any indication of an 
adverse intracerebral steal effect suggest further 
investigation^* on its clinical usefulness. 
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